An activity that binds preferentially to depurinated DNA and inserts purines into those sites was partially purified from Drosophila melanogaster embryos. The protein has a sedimentation coefficient of 4.9 S and is devoid of AP (apurinic/apyrimidinic) endonuclease activity. Upon incorporation of purines into apurinic DNA, the number of alkali-labile sites decreases, thus establishing the conversion of depurinated sites into normal nucleotides. The activity requires K+, and is totally inhibited by caffeine or EDTA. Guanine is specifically incorporated into partially depurinated poly(dG-dC) and adenine is specifically incorporated into poly(dA-dT), thus demonstrating the apparent template specificity of the enzyme.
INTRODUCTION
The importance of apurinic/apyrimidinic (AP) sites in duplex DNA is emphasized by the impressive number of enzymes that have thus far been identified to act on sites of base loss. One class of enzymes, AP endonucleases, have been identified in a variety of organisms and are considered to be ubiquitous. A possible alternative mechanism to the repar ofAP sites is the direct re-insertion of bases into depurinated DNA. A protein that catalyses such a reaction was first identified in cultured human fibroblasts by its ability to bind specifically depurinated DNA [1] . After separation from AP endonuclease activity, this protein, of Mr 120000, was found to incorporate purine bases, but not pyrimidines, specifically into depurinated DNA in a reaction that required the presence of K+ [1, 2] .
Although indirect evidence exists for purine-base insertase involvement in DNA repair [1, 3] , the lack of complementary genetic data precludes our understanding of the relative importance of this activity as compared with AP endonucleases. We therefore recently directed our attention to Drosophila melanogaster, for which more sophisticated genetic techniques are available. This paper describes the partial purification and preliminary characterization of a purine-base insertase activity present in Drosophila embryos.
EXPERIMENTAL Drosophila embryo preparation
The preparation of Drosophila embryos before protein extraction was as previously described [4] , except that embryo collections were generally at 12 h intervals and storage of dechorionated embryos was in liquid N2.
Apurinic-DNA binding assay
The binding of protein to depurinated phage-PM2 radioactive DNA was measured with nitrocellulose filters as previously described [1] . One unit of binding activity is the amount that binds 1 5 min at 37 'C. Detection of activity and the determination of nicks introduced have been previously described [5] .
Purine-base insertion assay Assay mixtures (0.15 ml) contained 10 mM-Tris/HCI (pH 8.2), 100 mM-KCl, an amount of protein as indicated, [3] [4] [5] [6] [7] [8] [9] ,tM-3H-labelled base, and 4-5 nmol of depurinated DNA.
Incubations were generally for 1 h at 37 'C, at which time reaction mixtures were chilled and 5 ml of 10% (w/v) trichloroacetic acid was added. After 15 min, the mixture was filtered on to a Whatman GF/C filter, and assayed for radioactivity by liquid scintillation. All values were corrected for a control without DNA.
Other methods
The preparation ofphage-PM2 DNA and depurination by incubation at pH 5 at 70 'C have been described [4] . 3H-labelled purines were from Schwarz/Mann. Protein was determined with the Bio-Rad Protein Assay kit, with bovine serum albumin as a standard.
Purification of the protein
All operations were performed at 0-4 'C. In a typical preparation, 5 g (wt wt.) of Drosophila embryos was suspended in 50 mM-potassium phosphate (pH 7.5)/1 mM-EDTA/2.500 (v/v) Aprotinin (buffer A). Generally 1.0 ml of buffer was added per g of embryos.
Embryos were then homogenized in a 7 ml Dounce homogenizer. The resulting suspension was centrifuged at 27000 g for 30 min and the supernatant saved. Additional Buffer A was added to the pellet, the mixture sonicated The crude extract was passed through 5 ml of type-40 DEAE-cellulose that had been equilibrated with 0.4 MNaCl/50 mM-Tris/HCl, pH 7.5. the column was then washed with the same buffer. Fractions (1.0 ml) were collected, and those containing binding activity towards depurinated DNA were pooled and diluted to 0.1 M-NaCl by addition of 50 mM-Tris/HCl, pH 7.5. The diluted extract (30-40 ml, with about 1000 units and 2 mg of protein per ml) was applied to a 10 ml column of Whatman P-Il phosphocellulose that had been equilibrated with 0.1 M-potassium phosphate (pH 7.5)/ 0.2 mm-EDTA/10 mM-2-mercaptoethanol/5% (v/v) glycerol/ 2.5 % Aprotinin. The column was washed with equilibration buffer and then eluted with a 40 ml linear gradient of 100-500 mM-potassium phosphate (pH 7.5)/0.2 mm-EDTA/ 10 mM-2-mercaptoethanol/5% glycerol/2.5 % Aprotinin (Fig. 1) . A typical peak fraction demonstrating specific binding to depurinated DNA generally had 200-500 binding units and 0.16 mg of protein per ml. Approx. 0.2 ml of the high-salt fractions from the 300-500 mM-potassium phosphate peak were layered on a linear 20-40% glycerol gradient containing 50 mmTris/HCl (pH 7.5) and centrifuged for 19 h at 48000 rev./min in a Beckman SW50.1 rotor. Fractions were collected from the bottom of the tube; binding activity appeared at 4.9 S and 2.8 S (corresponding to the AP endonuclease). The 4.9 S peak has approx. 40 units of binding activity/ml (Fig. 2) and was used for all subsequent experiments. RESULTS 
Binding activity
Three peaks of binding activity were observed when extracts of Drosophila were passed through phospho- cellulose (Fig. 1) . The flow-through species and an activity eluted at approx. 300 mM-potassium phosphate were coincident with the two AP endonucleases that reside in Drosophila [4] . The other binding activity, eluted at approx. 200 mM-potassium phosphate, contained non-specific nuclease activity.
When the binding activity associated with a high-salt AP endonuclease (fractions 65-80, Fig. 1 ) was centrifuged through a glycerol gradient, two binding peaks were resolved (Fig. 2) . One was associated with the AP endonuclease, and the other was devoid of nuclease activity and sedimented at approx. 4.9 S.
Purine-base-insertion activity
The binding protein was tested for its ability to protect apurinic sites from cleavage by alkali (Table 1) . Although 
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Drosophila depurinated-DNA purine insertase Poly(dG-dC) Guanine Adenine Poly(dA-dT) Guanine Adenine 67 <2 <3 25 the protein alone had no effect (results not shown), the presence of various purine derivatives decreased the number of alkali-labile sites. On the other hand, protection was not observed in the presence of the pyrimidine TTP. The incorporation of a purine label was also tested. Guanine was incorporated into depurinated DNA in a time-dependent reaction (results not shown). The specificity of the reaction was also tested ( Table 2) , showing that guanine was specifically incorporated into partially depurinated poly(dG-dC), whereas adenine was specifically incorporated into poly(dA-dT).
Reaction requirements
The insertion reaction exhibits a dependence on the presence of K+ that can be partially supported by Na+ (Table 3 ). The reaction was totally inhibited in the presence of caffeine and EDTA, and was not stimulated by either MgCl2 or ATP. Heating or freezing of the protein totally inactivated both the binding and the insertase activity.
DISCUSSION
An activity that binds specifically to depurinated DNA and inserts purines into apurinic DNA was originally observed in cultured human fibroblasts [1, 2] . In the current study, an activity in Drosophila resembling that from human fibroblasts is described. Both activities were partially purified, on the basis of an assay that measures the specific binding of protein to depurinated DNA. Purine-base insertase was found to be associated with fractions showing binding activity, but lacking nuclease activity. Other similarities include apparent substrate specificity, inhibition by EDTA or caffeine, and a requirement for K+ (although the Drosophila activity seems to be partially supported by Na+). Additionally, both activities appear to have high affinities for purine bases, as indicated by reaction mixtures containing partially purified protein and radioactive purine, but no DNA. In these, roughly 100 fmol of guanine was bound by freshly prepared protein. Moreover, the incorporation of labelled base into depurinated DNA by Drosophila extracts was roughly half that observed for the human fibroblast activity when normalized for either the number of binding units in the reaction or the amount of protein centrifuged through glycerol gradients. The Drosophila binding protein appears to be much smaller than the human enzyme, however, with an s value of 4.9 S, compared with 6.4 S for the human activity.
Attempts to purify the Drosophila insertase activity further by chromatography on Sephadex G-75, Affi-Gel Blue, DNA-cellulose or hydroxyapatite were unsuccessful, probably because of instability of the activity. Periodic assays, for example, indicated that 75 % of the insertase activity was normally lost in 7 days. This loss was accompanied by a loss of approx. 90%O of the affinity of the protein itself for purine bases.
Regarding the fate of purines incorporated into depurinated DNA, the loss of alkali-labile sites demonstrated the conversion of these sites into normal nucleotides.
Our search for a base insertase activity in Drosophila was originally undertaken to establish the presence of this activity in a eukaryotic system where complementary genetic studies were available. In addition, we hoped to obtain an enzyme without the extreme lability of the Vol. 232 fibroblast enzyme which precluded its further study. Unfortunately, only the former goal was achieved.
